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Abstract 
The paper presents an assessment of the metallic iron content from steelmaking slags in order to conserve natural resources. The 
determination of total iron (Fetotal) and metallic iron (Femetallic) in the slag samples was achieved by spectroscopic methods. The 
device used was a spectrometer based on X-ray fluorescence. The metallic iron content from the analysed slag samples varies 
according to: the composition and the quality of the charge used, the type of steel produced, the melting method used and the 
steelmaking method used. The results shows that, compared with the refining and deoxidizing slags, the melting slag has the 
highest content of total and metallic iron. 
© 2013 The Authors. Published by Elsevier B.V. 
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1. Introduction 
One of the many environmental problems facing humanity today is the generation of large amounts of solid 
wastes from industrial sources. The steelmaking in the electric arc furnace is in the category of the industrial 
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processes with high degree of pollution because there are generated large amounts of solid wastes. The solid wastes 
from steelmaking in electric arc furnace are dust and slag. 
In the Table 1 are presented the quantities of slag generated during steelmaking in electric arc furnaces, according 
to several existing references in the literature [1-4]. According to these data, the specific slag quantity resulting from 
steelmaking varies depending on the charge quality and the type of steel produced. For low alloy and carbon 
steelmaking the resulting amount of slag is between 100 and 150 [kg/ton of liquid steel], and for high-alloy 
steelmaking the slag quantity varies between 100 and 135 [kg/ton of liquid steel]. 
Table 1. Quantities of slag generated during steelmaking in the electric arc furnaces 
No. Quantity of slag generated in steelmaking  References 
1 10-12 [%] of oven charge weight [1] 
2 approximately 10% of liquid steel output [2] 
3 100 - 150 [kg/ton of liquid steel] for developing 
carbon and low-alloy steels [3, 4] 
4 100 - 135 [kg/ton of liquid steel] for developing 
high - alloy steels 
 
The aim of this paper is to assess the metallic iron content in the slags from steelmaking in the electric arc 
furnaces, in order to improve the solid waste management by identifying the possible solutions for natural resources 
conservation.  
From the industrial / technical point of view it is important to assess the metallic iron content from electric arc 
furnace slags at different stages of the steelmaking process, because in each stage are generated different types of 
slags having different metallic iron content. The aim of this paper is to improve the management of the slags from 
electric arc furnace by identifying the existing metallic iron contents in the three types of slags (melting, refining 
and deoxidizing) from the making of different types of steel.  
The objectives of the paper are: 
x assessment of metallic iron contents in the melting, refining and deoxidizing slags from ten charges of the electric 
arc furnace; 
x assessment of total iron contents in the melting, refining and deoxidizing slags from ten charges of the electric arc 
furnace; 
x improving the waste management from steelmaking in the electric arc furnaces. 
2. Material and method 
The characterized slag samples were taken from an electric arc furnace with alkaline lining, having a capacity of 
30 tons (t). 
There were taken three types of slags (melting, refining, deoxidizing) from the making of ten charges of low and 
medium alloyed steels. The slag samples 1-5 were taken from the making of the medium alloyed steel, and the 
samples 6-10 from the making of low alloyed steel. In the Table 2 are presented the variations of chemical 
composition of steel from which the samples were taken. 
Table 2. Chemical composition of low and medium alloyed steels 
          Alloying  element 
Steel type                [%] 
Si Mn Cr Ni Mo V Ti W Co Al Cu Pb Total 
Low alloyed steel 0.5-1.1 
0.8-
1.8 
0.3-
0.5 
0.3-
0.5 
0.05-
0.1 
0.05-
0.1 
<0.04 0.2-
0.3 
0.2-
0.3 
- - - <5 
Medium alloyed steel 1.1-6.0 
1.8-
6.0 
0.5-
6.0 
0.5-
4.5 
0.1-
1.0 
0.1-
1.0 
- 0.3-
4.0 
0.3-
1.0 
<0.3 <0.4 <0.4 5-10 
 
617 Dana - Adriana Iluţiu - Varvara et al. /  Procedia Technology  12 ( 2014 )  615 – 620 
The determination of total iron (Fetotal) and metallic iron (Femetallic) in the slag samples was achieved by 
spectroscopic methods. The device used was a NITON type spectrometer based on X-ray fluorescence. The metallic 
iron (Femetallic) content from slag samples was determined in compliance with the methodology described in the 
reference [5]. 
3. Results and discussions 
In Figures 1, 2 and 3 are presented the changes in the percentage concentrations of total iron (Fetotal) and metallic 
iron (Femetallic) in the slag samples from melting, refining and deoxidizing technological stages of steelmaking in the 
electric arc furnaces. 
 
 
Fig. 1. Changes in the level of total and metallic iron in the ten samples of melting slags. 
From the analysis of the data presented in Figure 1 it results that: 
x the slag samples have significant concentrations of total iron (Fetotal), these are between 32.7 (sample 3) – 49.3% 
(sample 10); 
x the slag samples have significant concentrations of metallic iron (Femetallic), these are between 10.4 (sample 5) – 
24.8% (sample 9); 
x compared with the refining and deoxidizing slags, the melting slag is characterized by a high content of total iron 
and metallic iron. 
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Fig. 2. Changes in the level of total and metallic iron in the ten samples of refining slags. 
 
Fig. 3. Changes in the level of total and metallic iron in the ten samples of deoxidizing slags. 
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From the analysis of the data presented in Figure 2 it results that: 
x the slag samples have concentrations of total iron (Fetotal) between 21.5 (sample 1) – 28.3% (sample 7); 
x the slag samples have concentrations of metallic iron (Femetallic) between 6.9 (sample 5) – 12.6% (sample 6); 
From the analysis of the data presented in Figure 3 it results that: 
x compared with the melting and refining slags, the deoxidizing slag is characterized by a low content of total iron 
and metallic iron; 
x the slag samples have concentrations of total iron (Fetotal) between 7.2 (sample 5) – 10.2% (sample 6); 
x the slag samples have concentrations of metallic iron (Femetallic) between 1.7 (sample 6 and 9) – 3.7% (sample 2). 
The concentrations of total iron (Fetotal) and metallic iron (Femetallic) change from one sample to another for the 
three types of slags. 
The separation of the metallic iron (Femetallic) from the slag samples and its use in various fields would save and 
conserve existing natural resources. According to data presented in the literature [4, 6, 7], the magnetic separation is 
the most effective method of retaining metal fractions of solid waste. 
Fig. 4 shows the average percentage concentrations of total iron (Fetotal) and metallic iron (Femetallic) in the ten 
samples of slag from the smelting, refining and deoxidizing, from the steelmaking in the electric arc furnaces. 
 
 
Fig. 4. The average concentrations of total and metallic iron in the three types of slags (melting, refining and deoxidizing). 
From the analysis of the data presented in Fig. 4 it results that: 
x The concentrations of total iron (Fetotal) and metallic iron (Femetallic) change from one sample to another; 
x the slag samples have variable average concentrations of total iron (Fetotal) between 8.91 – 41.33%; 
x the slag samples have variable average concentrations of metallic iron (Femetallic) between 2.39 – 17.72%; 
x compared with the melting and refining slag, the deoxidizing slag is characterized by a reduced content of total 
iron (Fetotal) and metallic iron (Femetallic); 
x the separation of metallic iron (Femetallic) from the melting and refining slag samples, followed by its usage in 
various fields would save and conserve existing natural resources. 
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4. Conclusions 
In order to conserve natural resources one must assess the metallic iron contents of the slag types generated in 
each technological stage specific to the steelmaking process in electric arc furnace. Storing the slag must be the last 
resort solution, and it must be applied only if their characteristics do not allow their use in various fields.  
By analyzing the metallic iron content in the slag samples from steelmaking in the electric arc furnace, it results 
that: 
x the metallic iron content varies from one slag to another; 
x the melting slag samples have significant concentrations of metallic iron (Femetallic), which is between 10.4 
(sample 5) - 24.8% (sample 9); 
x the refining slag samples have concentrations of metallic iron (Femetallic) ranging from 6.9 (sample 5) - 12.6% 
(sample 6); 
x the deoxidizing slag samples have concentrations of metallic iron (Femetallic) between 1.7 (samples 6 and 9) - 3.7% 
(sample 2). 
The total iron (Fetotal) and metallic iron (Femetallic) from the analysed samples comes from the raw materials used 
in the steelmaking process: scrap, pig iron and metallic waste.  
The separation of the metallic iron from slag samples, followed by its use in various fields would lead to greater 
savings and conservation of natural resources. The metallic iron from slag may be used as raw material to the 
steelmaking or in other technological processes. 
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